The question of the significance of free amino acids in soil or other cultural media has received attention in recent years in the fields of plant physiology (1, 3, 7, 13, 14, 15, 16, 17) , soil microbiology (4, 5, 11, 16) and soil chemistry (9, 10, 12) . Although it originally appeared that free amino acids were not to be found in soils, later reports (2, 10) indicated they could be extracted with aqueous and alcoholic solutions and determinations made with chromatographic methods. The quantities of amino acids found were quite variable. Amino acids added to soil were quite rapidly transformed, and usually undetectable in extracts made after 72 to 96 hours of incubation (11, 16) . D-Amino acids and L-alloisoleucine appeared more resistant to change than other amino acids studied (16) .
Reports indicate that amino acids are absorbed by plants (3, 13, 14) and translocated with great speed in both phloem and xylem (8) . Inhibitors of respiratory processes as well as low temperatures applied to fibrovascular tissue considerably retard translocation.
The potential applications of research with the so-called unnatural (D-) isomers was pointed out (6, 17) in connection with the natural occurrences of Damino acids in antibiotics and parts of microorganisms. More recently, Ikawa, et al. (6) reported the finding of D-phenylalanine, D-allothreonine and D-alloisoleucine3 in peptido-lipids of bacterial origin. The demonstrated effectiveness of amino acids applied to root zones of plants in producing changes in morphology and growth rate (1, 13, 17) suggests a need for further research along these lines. Steinberg (13) found that frenching of tobacco could be simulated by furnishing leucine, isoleucine, or alloisoleucine to tobacco plants growing in sterile cultures. He reported that relatively large amounts of these amino acids were required under non-sterile conditions to produce frenching symptoms. Woltz and Jackson (15, 16, 17) found that symptoms of I Received Aug. 16 (18) led to the hypothesis that the growth-modifying effects observed might be largely antimetabolite effects. Natural (L-) amino acids could act as antimetabolites because of their structural similarity to other natural amiiino acids. Unnatural amino acids (D-form & others), due to their structural similarity to specific natural amino acids, could function as antimetabolites by being incorporated into peptides and blocking furtlher synthesis due to the failure to completely fit the pattern of the natural amino acid.
Experiments were planned to examine further the effects of various natural and synthetic amino acids on the growth rate and morphology of chrysanthemum plants. Chrysanthemum was selected for these studies because of its sensitivity to isomers of leucine, isoleucine, and methionine (17) . The types of cultural media, amounts of amino acids applied, and timing of application relative to the development of new growth of axillary shoots were chosen to enhance growth effects so the effects might be recorded and evaluated. Interactions of related amino acids were explored to learn the degree to which the results would fit metabolite-antimetabolite relationships. fig. 1 ,B) and cause(d growth retardation proportional to the amounts applied. New growth developing after the removal of the terminal growing point emerged yellow, with hooked leaf tips. As growth proceeded, the green netting pattern produced by green veins became apparent. The effect of DL-alloisoleucine appeared rapidly, causing a noticeable yellowing of the older leaves 3 days after the chemical was applied to the root zone.
DL-ethionine (16 mg) caused the death of all plants. Necrotic areas developed in 4 days. The necrosis followed the vascular bundles up the stem and through the leaf veins. The last portion of the leaf to die was the margin. Roots appeared unharmed by this amount of DL-ethionine. Growth modification, significant retardation of shoot elongation, and significant reduction in fresh weight were caused by 4 mg of DL-ethionine. DL-Ethionine caused the development of strap-shaped leaves (fig 1,D) .
DL-Norleucine caused growth modification and retardation. Leaves formed after the removal of the terminal growing point had a (lisorganized, random development of veinlets. The leaf surface was rough and mottled with an appearance suggesting the development of scar tissue: mlicroscopic examination revealed the presence of many small necrotic areas.
Leaves were imperfectly fornmed (fig 1,C) and expanded very slowly.
DL-Methionine caused severe growth retardation and a change in leaf pattern (fig 1,F) . The effect on leaf pattern was the same as that described for L-methionine (experiment I). A reduction in fresh weight of plant tops resulted from 160 mg applied to each plant.
DL-Valine lowered the rate of shoot elongation and caused the development of strap-shaped leaves without a prominent green-netting pattern of leaves. Leaves were only slightly chlorotic.
DL-Isovaline had a more pronounced effect than DL-valine in growth retardation and caused a significant depression in fresh weight wlhen 160 mg was applied to each plant. The growth that developed after removing the terminal point was uniformly chlorotic, with little or no green netting of veins. Leaves were strap shaped but expanded laterally more than the leaves of plants affected with the same degree of retardation of shoot elongation due to DLalloisoleucine.
DL-Norvaline produced the same leaf symptoms as methionine (compare E with F, fig 1) . This (table III) . The effects included growth retardation and browning of veins and convex margins on older leaves. The molecular ratio of DLmethionine to DL-ethionine necessary for the reversal appears to be about 2: 1. Larger ratios employed in preliminary experiments were of no greater benefit. The amount of DL-methionine required to overcome DL-ethionine toxicity is not of sufficient magnitude to cause appreciable, growth modification per se. Experiment V. Norleucine as an Antimetabolite. DL-Norleucine (table IV) retarded shoot elongation, reduced production of fresh weight of plant tissue, and caused midrib browning of the older leaves and scar tissue in the new leaves. DL-MTethionine retarded shoot elongation more than DLnorleucine but caused much less midrib browning. DL-MAethionine, however, caused a petiole ancl stem browning. These effects were easily identifiable in all three replicate series. The interactions between DL-norleucine and DL-methionine were equally pronounced. DL-Norleucine reversed to a large degree the growth-retarding property of DL-methionine. Each of the two amino acids together nullified the midrib browning characteristics of the other. DLMethionine applied simultaneously or in advance reduced petiole browning noticeably but failed to do so when applied 24 hours after DL-norleucine. DL-Norleucine prevented stem browning by DL-methionine regardless of timing of application.
Discussion
The data reported indicate that amino acids and their analogs applied to the roots of chrysanthemum plants frequently may The correction of the adverse effects of DL-etliioinine by DL-methionine follows the typical pattern of a mnetaholite-antimetabolite relationship. That the relationship will not always be simple is showxNn by the comiipetitive effects of DL-methionine for DL-norleuciine ain(l ice versa. It is thought that in this case milethiionine may be functioning as an antinietabolite which interferes with normal auuinio acid mletabolisin, especially in view of the large amiounts of methionine applied in the norleucine-methionine experimnenit. The fact that norleucine reduces the toxicity of metlhionine is believed due to the fact that it is a structural analog even though not a metabolite. Similiar relationships were shown for alloisoleucine on tlle oine hanid and norleucine and norvaline oIn the other (fig 1) . The latter three amino acids are not known to be metabolites in plants; however, they follow the pattern of metabolite-antimetabolite relationships at least superficially. The condition may simply be that a nmuch less toxic antimetabolite miiay antagonize the role of the more toxic chemiiical by m11ass action in the plant.
The possible antagonism of one amiino acid1 oni the uptake by plants of another amino acid needs to be clarified, how-ever, it is considered that tlle greater part of the interactions reported here occtur within the plant rather than in the rhizosphere.
Summary
Four of twenty natural amino acids (L-isoleucine, L-leucine, L-miiethionine & L-valine) applied to the root zones of chrysanthemumii plants had significant growth modifying effects which are described. Seven synthetic amino acids also were shown to have similar growtlh modifying properties. The effective amino acids in the latter group were DL-alloisoleucine, DL-norleucinie, DL-ethionine,, DL-methionine, DL-Valine, DL-isovaline, and DL-norvaline.
Proceeding on the hypothesis that many of these effects mlight be of antimetabolite rather tlani hormonal nature, the apparent metabolite amino acids or their analogs were applied together with offending amiino acids to obtain informiiation as to wlhether such a relationship existe(l. In practically all such cases, growth was iml)rove(l and the adverse effects prevented or reduced in severity. The toxic effects of DL-alloisoleucine were greatly alleviated by applying DL-valine or DL-leucine, either 
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This paper describes several physiological experiments designed to determine any relationships between cobamide coenzyme contents of nitrogen fixing organisms and certain factors reported to influence the nitrogen fixing process. Factors considered in these investigations include: age of leguminous species; species and strains of rhizobia, and cobalt content and source of nitrogen in the media used to culture rhizobia and azotobacter.
Materials & Methods Culture Methods: Soybean seeds (Glycine max Merr., 'Chippewa'), inoculated with a commercial source of R. japonicum, were germinated in 2-gallon vessels filled with Perlite and were cultured in a greenhouse in these containers during the spring of 1962. Each vessel contained eight plants and was supplied every other day with about 500 ml of an unpurified nitrogen-free nutrient solution identical with that described previously (1) 
